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Description

This invention relates to a radio receiver, more par-
ticularly to a direct sequence spread spectrum (DSSS)
radio receiver which includes a fast means of signal ac-
quisition and which demodulates the data encoded with-
in the received signal and having particular, but not ex-
clusive, application to a global positioning system (GPS)
of the NAVSTAR type.

The NAVSTAR system, when fully operational, is
planned to provide a worldwide, 24 hour, all weather lo-
cating system based on a user's distance from three sat-
ellites. The NAVSTAR GPS and an embodiment of a re-
ceiver are described in "Global Positioning by Satellite"
by Philip G. Mattos, Electronics and Wireless World,
February 1989, pages 137-142 but the salient points of
the system are repeated here. In the following descrip-
tion "the system" is taken to mean the NAVSTAR global
positioning system (GPS) when fully operational, with
the satellite orbit and transmission details as currently
planned.

The NAVSTAR system provides two positional serv-
ices which operate in a substantially similar manner but
which have differing degrees of accuracy. These two
services are the Precise Positioning Service (PPS)
which is predominantly for military systems and the
Standard Positioning Service (SPS) which is available
for non-military systems. The description herein will deal
only with the SPS although many features are common
to both the SPS and PPS.

The system is intended to consist of eighteen oper-
ational and six spare satellites in six orbits although this
specification is subject to alteration. Each satellite circles
the Earth approximately once every twelve hours. The
satellites transmit data continuously on the same fre-
quency of 15675.42 MHz using a direct sequence spread
spectrum technique. The spread spectrum signals trans-
mitted by each satellite contain detailed information
about its orbit over the next two hours which information
is known as the ephemeris and, at a lower rate, less de-
tailed information about all the other satellites which in-
formation is known as the almanac. The information is
transmitted by the saltellites at a data rate of 50 bits per
second (bps) giving it an inherent bandwidth of approx-
imately 100Hz. Prior to modulation of a carrier signal the
width of the frequency spectrum of the data signal is
spread to approximately 2 MHz by multiplying it together
with a Pseudo Random Noise Sequence. Pseudo Ran-
dom Noise (PRN) is so called because it appears ran-
dom but is actually carefully defined and can be recon-
structed using an easily defined algorithm. In the case of
the SPS the PRN sequence is a Gold code, so named
due to its inventor, with a length of 1023 chips, where a
chip is a subsegment of a PRN signal with a constant
amplitude of either one or minus one. This code is trans-
mitted in its entirety once every millisecond so there are
twenty complete cycles of it per data bit, in other words
the chip rate of the PRN is 1.023 MHz. The resulting sig-
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nal transmitted by each satellite thus has a bandwidth of
approximately 2 MHz and a very low power of the order
of -163 dBW. The Gold codes chosen have very good
autocorrelation properties, that is, when multiplied by
themselves, the product is considerably greater when
the codes are at synchronism (that is, they have no rel-
ative delay) than at any other point. Since the satellites
all transmit on the same carrier frequency, the Gold
codes that they use are chosen to be different so that the
user of the system can determine which satellite a par-
ticular signal has emanated from. To facilitate this the
Gold codes are orthogonal with each other which means
that they have very good cross-correlation properties
and any two different codes multiplied together in any
relative position to each other produce an output that is
at least 20 dB lower than that produced by a code mul-
tiplied by itself at the correlation instant. In the case of
the SPS, the PRN codes are also known as Coarse/Ac-
quisition (C/A) codes as they are used for coarse posi-
tioning and as an initial signal acquisition aid for the PPS.

The system satellites are orbiting at a distance of
approximately 26,600 km from the centre of the Earth
and each travel at a speed in excess of 3 km per second.
As a result the signals received by the user from the sat-
ellites contain a significant element of frequency shift due
to the Doppler effect. Consequently a stationary GPS re-
ceiver must be capable of receiving over a frequency
range of £4 kHz from the satellite carrier frequency but
a mobile GPS receiver will suffer additional Doppler shift
due to its own motion and will need to cater for a wider
frequency range. In addition the local oscillator(s) of the
first down conversion stage(s) within the receiver may
have a frequency offset from the ideal of a similar mag-
nitude to the Doppler offset. The subsequent, adjustable,
local oscillator(s) must be capable of removing this offset
as well.

To make a three dimensional position fix the user
needs to receive transmissions from four satellites which
for reasons of reception should ideally be at an angle of
at least 5° above the horizon. To achieve this an omni-
directional antenna capable of receiving signals from al-
most a whole hemisphere is required. Four satellite
transmissions are required to be received because the
system works on the principle of calculating the user's
range from known points by measuring the propagation
time of signals from those points to the user. For the sys-
tem to have adequate positional accuracy the transit time
of the signals has to be known to better than one micro-
second and preferably considerably more accurately
than that. The satellites each have an on-board atomic
clock to which their transmissions are synchronised but
the normal user does not maintain a clock of comparable
accuracy. The time kept by the user's clock differs from
the satellite time by a clock bias, Cg, which is in effect a
fourth unknown. By measuring the apparent range of the
user from four satellites rather than three, the extra in-
formation obtained can be used to solve for Cg. The ap-
parent ranges are called pseudoranges because they do
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not as yet take account of the user's clock bias. Figure
1 of the accompanying drawings shows the basic ele-
ments of a system in operation in which signals from four
satellites 11, 12, 13 and 14 are being received by a re-
ceiver 18 in a user's vehicle 15. The positions of the four
satellites 11, 12, 13 and 14 are denoted in brackets on
the figure using a Cartesian coordinate system with the
origin being taken as the centre of the Earth. The pseu-
doranges of the signals from the four satellites are de-
noted R1, R2, R3 and R4, respectively. Figure 2 of the
accompanying drawings shows the equations used to
calculate three accurate ranges and the clock bias from
four pseudoranges, these equations generally being
solved iteratively. It should be noted that the dimension
of clock bias Cg is distance and that the positional coor-
dinates of the user in Figures 1 and 2 are given as X, Y,
Z. Tomeasure the transit time of the satellite signals with
the required accuracy, the processingmeans within a us-
er's receiver must have a precise measurement of the
phase of the received C/A code. This is usually achieved
by generating the C/A code for each satellite within the
receiver and comparing the locally generated and incom-
ing codes at a succession of closely spaced intervals un-
til a good match or correlation is found. This process is
usually referred to as circular correlation of the two sig-
nals and in this case it provides the sub-millisecond part
of the transit time of the signal from the satellite to an
accuracy of better than one microsecond. However since
the C/A code repeats every millisecond, the integer
number of milliseconds of the signal transit time cannot
be calculated by this method and so must be known by
some other means. This problem can be overcome if the
receiver has a knowledge of the user's position to within
100 km since the integer number of milliseconds in each
transit time is then calculable.

Normally, even though a receiver may only need to
make a positional fix every few minutes it must continu-
ally track the signals from at least four satellites and often
five since the positions of the satellites relative tothe user
changes with time and the best set of satellites to use for
the positional fix alters with time. The process of tracking
involves mainly keeping an up to date record of the sat-
ellites currently in view, their Doppler frequency offsets
and the offset from zero of the C/A code received from
each. When a receiver is first switched on the possible
Dopplerandfirst local oscillator frequency offsets are un-
known, as are the displacements of the C/A codes for
visible satellites so that to acquire just one satellite can
take up to several minutes. Once the signals from one
satellite have been received and decoded, the almanac
can be used to reduce the search time required for the
subsequent satellites since the receiver can then calcu-
late which satellites to search for and their approximate
Doppler frequency offsets.

This process is still very time consuming, however,
and in order to hasten the process of satellite acquisition
many receivers maintain a clock and a record of the al-
manac even when other parts of the receiver are
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switched off. This ploy will fail, nevertheless, after a long
period of receiver inactivity because its almanac will be
out of date. Also, particularly in urban environments
when positional accuracy is arguably most important,
satellites may not be in the direct view of the receiver
antenna for significant periods of time. When enough
satellites are again in view itmay not be for along enough
period of time to reacquire the necessary signals and
make a positional fix due to the time required to circularly
correlate the received signal with the locally generated
C/A code.

US-A-4247939 discloses a spread spectrum detec-
tor in which an input signal is mixed with a linearly swept
local oscillator signal to produce a linear FM signal. The
FMsignal is applied to a weighted filter to reduce the side
lobes present in the signal. The filtered signal is then
squared to remove any phase modulation and in so do-
ing the frequency is doubled. This doubled frequency
signal is applied to a dispersive delay line to compress
the signal and the output from the delay line is gated and
applied to a centre frequency detector to recover the
sub-carrier in the received signal. Once the sub-carrier
frequency has been detected, a tunable narrowband fil-
ter is set and the signal from the squaring circuit is de-
modulated using a conventional demodulator. In order to
overcome the presence of a powerful narrowband inter-
fering signal, the combination of a contiguous comb filter
having a plurality of bins, limiters coupled respectively to
the outputs of the bins and an integrator is used. The
interfering signal present in one of the bins is limited,
whereas the low amplitude spread spectrum compo-
nents are not limited so that when integrated all the en-
ergy in the spread spectrum components is combined as
opposed to only a fraction of the energy in the narrow-
band signal being integrated. In satellite navigation sys-
tems, the carrier frequency is known and hence there is
no need to detect the sub-carrier.

EP-A1-0083 480 discloses a receiver for navigation
satellite systems in which a fixedly tuned local oscillator
is used to mix an input signal carrier to zero frequency
and produce in-phase and quadrature-phase compo-
nents. These components are digitised at the chip rate
of the spreading code and the digital signals are com-
bined, sampled for intervals of 977.5uS in every 10mS
and the samples are stored. The stored samples are
processed using a Fast Fourier Transform andthe output
applied to 4 signal processors, each corresponding to a
respective satellite. A NAVSTAR computer calculates
the position from range information provided by the 4 sig-
nal processors. If increased noise reduction is desired
then the number of samples stored is increased by a fac-
tor of 16.

Such a known receiver requires several processors
which is expensive and requires a lot of current.

An object of the present invention is to reduce the
time required to acquire DSSS signals.

According to the present invention there is provided
a radio receiver for use with direct sequence spread
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spectrum signals which have been spread in frequency
by a pseudo random noise (PRN) sequence having a
repetition frequency, comprising frequency down con-
version means, means for improving the signal to noise
ratio of the frequency down-converted signals and
means for demodulating the frequency down-converted
signals, characterised in that the frequency down-con-
version means comprises means for producing a pair of
quadrature related signals from a received direct se-
quence spread spectrum signal, in that means are pro-
vided for digitising said pair of quadrature related signals,
inthat means are provided for removing any residual car-
rier from the digitised quadrature related signals, in that
said means for improving the signal to noise ratio com-
prises comb filtering means for respectively filtering the
digitised quadrature related signals at n times the repe-
tition frequency of the PRN sequence, where n is an in-
teger, and in that said demodulating means comprises
means for non-coherently demodulating and despread-
ing the comb-filtered signals.

The present invention also provides a radio receiver
for use with the NAVSTAR global positioning system
(GPS), said system comprising means for producing a
plurality of satellite transmissions, each satellite trans-
mission including a coarse/acquisition (C/A) code having
a repetition frequency, wherein the receiver comprises
frequency down conversion means, means for improving
the signal to noise ratio of the frequency down-converted
signals and means for demodulating the frequency
down-converted signals, characterised in that the fre-
quency down-conversion means comprises means for
producing a pair of quadrature related signals in respec-
tive channels from a received satellite transmission, in
that means are provided for digitising said pair of quad-
rature related signals, in that means are provided for re-
moving any residual carrier from the digitised quadrature
related signals, in that said means for improving the sig-
nal to noise ratio comprises comb filtering means for re-
spectively filtering the digitised quadrature related sig-
nals at n times the repetition frequency of the (C/A) code
to produce comb filtered signals, where n is an integer,
and in that said demodulating means comprises means
for non-coherently demodulating and despreading the
comb-filtered signals.

The present invention is based upon the fact that
codeless data extraction can be used to acquire the
spread spectrum signals and this acquisition can be car-
ried out relatively quickly because it obviates the need
for local generation of the pseudo random codes and
conducting a search of all the possible relative positions
of the locally generated and incoming codes.

In operation the receiver exploits the repetitive na-
ture of the PRN code used to spread the spectrum of the
data. In the NAVSTAR system the data is encoded using
binary phase shift keying (BPSK) and it is common prac-
tice to decode such signals using a non-coherent de-
modulation technique. Non-coherent demodulation in-
volves multiplying the incoming data signal with a de-
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layed replica of itself, the length of the delay being equal
to the length of one data bit. Using non-coherent demod-
ulation with a spread spectrum signal will additionally de-
spread the PRN code since PRN codes consist of 1 and
-1 components and there are an integer number of PRN
code cycles per data bit. Each segment of PRN code will
thus be multiplied by the equivalent segment from an-
other PRN cycle, the product will be 1 and the signal will
have been despread. However, the signals received
from the NAVSTAR system will typically be received at
a signal to noise (S/N) ratio of -20dB and non-coherent
demodulation has the effect of squaring the signal to
noise ratio or multiplying its decibel representation by 2.
The output of the non-coherent demodulation process in
this case would thus have a signal to noise ratio of ap-
proximately -40dB. This can be improved by low pass
filtering since, after despreading, data is present over ap-
proximately a 100Hz bandwidth and noise is present
over approximately a 2MHz bandwidth. A suitably cho-
sen low pass filter can thus achieve a S/N ratio improve-
ment of approximately 40dB but the overall S/N ratio will
still be in the region of 0dB and the data will be masked
by the noise. In a receiver made in accordance with the
present invention a S/N ratio improvement is made be-
fore the non-coherent demodulation process by exploit-
ingthe repetitive nature of the incoming spread spectrum
signal. Sincethe C/A code repeats every millisecond, the
frequency spectrum of the incoming signal has signifi-
cant peaks at 1kHz and integer multiples of it with addi-
tional frequency components due substantially to noise.
Insertion of a suitable comb filter, that is a filter whose
passbands have a frequency spectrum of equidistant
peaks, before the demodulation can improve the S/N ra-
tio of the incoming signal. The non-coherent demodula-
tion process then causes a deterioration of S/N ratio but,
provided that the comb filter improves the S/N ratio suf-
ficiently, the output of the post-demodulation low pass
filter has a positive signal to noise ratio and recovery of
the data is possible.

The demands placed on the filters in a receiver of
this type are quite stringent and this adds both to the
complexity and expense of the receiver. Conventional
mixers, as used to perform a number of tasks in this re-
ceiver, produce a number of image frequency compo-
nents at their outputs that are often unwanted. One or
more of these image frequency components can be
close in frequency to the desired output component and
this places additional demands upon thefilters. In an ap-
plication such as this where both In-phase and Quadra-
ture signal components are available, the option exists
1o use exponential multipliers to perform frequency con-
versions and other mixing operations. An exponential
multiplier (EM) performs a simple trigonometrical opera-
tion that does not generate any image frequency com-
ponents at its output although it has the drawback of re-
quiring both multiplier inputs to be available in both their
In-phase and Quadrature forms. The operation of an ex-
ponential multiplier will be described later in conjunction
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with Figure 5 of the accompanying drawings.

Embodiments of the invention will now be described,
by way of example, with reference to Figures 3 to 7 of
the accompanying drawings. In the drawings:

Figure 1 illustrates diagrammatically a GPS system
in which a mobile user is receiving signals from four
GPS satellites;

Figure 2 shows the four equations used to calculate
a three dimensional position fix and the receiver
clock bias from four satellite pseudoranges;

Figure 3is a block schematic diagram of a complete,
zero IF based receiver configured for fast signal
decoding;

Figure 4 is a block schematic diagram of an arrange-
ment of acomb filter, non-coherent demodulator and
a low pass filter, which arrangement is applicable to
one channel of a receiver only;,

Figure 5 is a block schematic diagram of an expo-
nential multiplier, and the symbol used subsequently
to represent it;

Figure 6 is a block schematic diagram of a receiver
with a non-coherent demodulator using separate
exponential multipliers to effect the final frequency
down-conversion and the non-coherent demodula-
tion; and

Figure 7 is a block schematic diagram of those sec-
tions of the receiver of Figure 6 and additional hard-
ware which are used to make signal transit time
measurements in a NAVSTAR GPS.

In the drawings the same reference numerals have
been used to indicate corresponding features.

An embodiment of a receiver made in accordance
with the present invention configuredto search the range
of frequencies over which satellite signals may occur in
a NAVSTAR GPS is shown in block schematic form in
Figure 3.

Satellite signals are received by an omnidirectional
antenna 20 of a receiver 16 and are fed to an amplifying
and bandpass filtering means 21. In some cases, the
band pass filteringmeans 21 may comprise a more com-
plex circuit performing frequency translation as well as
bandpass filtering. The output of the means 21 is then
split into two paths, each of which is connected to an in-
put of a pair of mixers 24 and 25, respectively. A local
oscillator 22 provides a signal which is also split between
two paths. The first of these paths is fed direct to the sec-
ond input of the mixer 24 and the second path is fed to
a 90° phase shifter whose output is fed to the second
input of the mixer 25. At the mixers 24,25 the incoming
signal is mixed separately with the two locally generated
waveforms which have the same frequency but are in
phase quadrature. The frequency of the locally generat-
ed waveforms is the same as, or is close to, that of the
incoming signal. The output of mixer 24 is designated
the In-phase component | of the satellite signals and the
output of mixer 25 is designated the Quadrature compo-
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nent Q. The outputs of mixers 24 and 25 are fed to sep-
arate low pass filters 26 and 27 respectively which pass
the lowest, difference frequency component of the prod-
ucts of mixing only. These filtered signals are fed to re-
spective Analogue to Digital (A/D) converters 29 and 30
which may comprise single bit devices or comparators.
A/D converters 29 and 30 are both driven by a clock 31
which causes them to sample at a rate that satisfies the
Nyquist sampling criterion with respect to the output
bandwidth of filters 26 and 27, which equals or exceeds
the bandwidth of the satellite C/A code. The digitised
In-phase signal is then fed to a mixer 34 together with a
signal generated by a local oscillator 32 and the digitised
Quadrature signal is fed to a mixer 35 together with the
output of the local oscillator 32. The frequency of local
oscillator 32 is determined by a controller 50 in order that
the difference (or sum) frequency outputs of the mixers
34 and 35 are baseband signals, that is they contain no
remnant of the original carrier frequency. The outputs of
the mixers 34 and 35 are fed lo respective comb filters
36 and 37 whose purpose is to improve the signal to
noise ratio of the baseband signals. These comb filters
have a plurality of passbands at 1 kHz intervals which
interval is chosen to correspond to the repetition frequen-
cy of the C/A code in the signals. The In-phase and
Quadrature signals are then fed to separate non-coher-
ent BPSK demodulators consisting of a delay 40 and a
mixer 42, and a delay 41 and a mixer 43, respectively.
The two delays 40 and 41 are of 20 ms each, which du-
ration corresponds to the length of one bit of the received
data.

The outputs of mixers 42 and 43 are despread and
differentially demodulated satellite signals in which the
output of mixer 42 is the In-phase component and the
output of mixer 43 is the Quadrature component. The
bandwidth of the data in these signals is now approxi-
mately 100 Hz but noise is still present over amuch wider
bandwidth and the signal to noise ratio is still negative.
Low pass filters 44 and 45 are included between the mix-
ers 42 and 43 respectively and a controller 50, these fil-
ters having a bandwidth of the order of that of the data
signal. Such a bandwidth makes the signal to noise ratio
positive and allows the controller 50 to recover the orig-
inal satellite data. The controller 50 in this receiver is a
microcomputer having input ports for monitoring the de-
spread and demodulated satellite signals in both quad-
rature channels and an output port through which it also
sets the frequency of local oscillator 32. For the purpose
of a search for satellite signals this frequency takes on
aseries of stepped values. The frequency band currently
under scrutiny by the controller 50 is determined by the
frequencies of the local oscillates 22 and 32. The outputs
of low pass filters 44 and 45 are monitored by the con-
troller 50 for the presence of satellite signals in each fre-
quency band. The width of these frequency bands and
consequently the size of the frequency steps in the out-
put of local oscillator 32 are of the order of the bandwidth
of filters 44 and 45. In a receiver for use with the NAVS-
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TAR system the bandwidth of filters 44 and 45 would be
approximately 100Hz. If a satellite signal is detected in
a given band the controller 50 makes a record of its
ephemeris and Doppler frequency offset.

Figure 4 of the accompanying drawings shows an
embodiment of the comb filter 36 or 37 used in the circuit
of Figure 3. A signal at an input 60 is fed in succession
to a plurality of delay stages 61 whose delay is equal to
the length of one cycle of C/A code, that is 1 ms. The
outputs of the delay stages 61 are added in a summer
62 whose output is fed to the non-coherent demodulator
40. The number of delay stages 61 is dictated by the im-
provement in the signal to noise ratio of the signal re-
quired, twenty being the number employed in this em-
bodiment as this is the number of complete cycles of C/A
code per data bit in a GPS signal. Different numbers of
stages are possible, however, and the delays need not
all be of 1 ms duration, they could for example be integer
multiples of 1 ms.

The signals being mixed by mixers 34, 35, 42 and
43in Figure 3 are quadrature related signals and the op-
tion thus exists to use exponential multipliers (EM) in-
stead. Exponential multipliers can perform frequency
conversions without generating unwanted image output
signals as do normal mixers and the filtering normally
required after a mixing stage can usually be less strin-
gent when an exponential multiplier is used. Figure 5 of
the accompanying drawings shows a block schematic di-
agram of an exponential multiplier and the symbol used
subsequently 1o represent it. Its operation is now de-
scribed. A pair of quadrature related input signals are fed
to a pair of inputs |; and Q, respectively. In-phase input
l; is fed to one input on each of two multipliers 52 and
53 while Quadrature input Q is fed to one input on each
of another two multipliers 54 and 55. A second pair of
quadrature related inputs to the EM are denoted C and
S. In-phase input C is fed to the remaining input of the
multipliers 52 and 54 while Quadrature input S is fed to
the remaining input of the multipliers 53 and 55. The out-
puts of the multipliers 52 and 55 are both fed to a summer
56 whose output forms the In-phase output I of the ex-
ponential multiplier. The output of multiplier 53 is sub-
tracted from the output of multiplier 54 in a subtractor 57
whose output forms the Quadrature output Qg of the ex-
ponential multiplier. The symbol 38 used to represent the
exponential multiplier subsequently is shown on the right
hand side of Figure 5. The symbol consists of a rectangle
containing the identification XX, with the four inputs |4,
Q,, C, S and the two outputs |y, Qy marked within the
periphery of the rectangle adjacent to their respective in-
put and output terminals.

In operation the exponential multipler has the effect
of executing the following equations:

|0:|1XC+Q1XS
Qy=Q, xC-1, x8

Using exponential representations for the inputs,
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AWM =1, +]Q

JM=c+js
where A(t) is a data signal and w and Q are the angular
frequencies of the two input signals. The exponential
multiplier effectively outputs the product of these two ex-
ponentials, hence its name.
Using a trigonometric representation for the inputs,

I, = A(t)cos ot , Q, = A(t)sin ot

C =cos Qt, S=sin Qt
Applying the exponential multiplication,

[, = A(t)[cos ot . cos Qt +sin ot . sin Q]

Qp = A(t)[sin ot . cos Qt - cos wt . sin Q1]
which simplify to,
Iy = A(t)cos (o - Qjt

Q, = A(Y)sin (o - Q)

It can be seen that the exponential multiplier can perform
frequency conversions without generation of image fre-
quencies as does normal mixing. This process is appli-
cable in two main areas of the previously described
spread spectrum radio receiver, namely, the removal of
the Doppler offset frequency and the performance of the
baseband non-coherent demodulation. An embodiment
of the invention that exploits the EM in both of these ar-
eas will now be described with reference to Figure 6.
Referringtothe Figure, the spread spectrum signals
fromthose satellites currently in view are received by the
antenna 20 and are fed to an amplification and bandpass
filtering means 21. In some cases the bandpass filtering
means 21 may comprise a more complex circuit perform-
ing frequency translation as well as bandpass filtering.
The output of this means 21 is frequency down converted
1o a pair of quadrature related signals by mixers 24 and
25 which are fed with local oscillator signals by the local
oscillator 22 and a 90° phase shifter 23 connected to the
local oscillator 22. These two quadrature signals are fed
to low pass filters 26 and 27 to remove the unwanted
frequency components in the outputs of the mixing proc-
ess. The signals are then separately quantized by two
analogue to digital (A/D) converters, 29 and 30, which
are driven by a clock 31 at a rate equal to or higher than
that which satisfies the Nyquist sampling criterion with
respect to the output bandwidth of filters 26 and 27,
which equals or exceeds the bandwidth of the satellite
C/A code. The outputs of A/D converters 29 and 30 are
fedtothe |, and Q, inputs respectively of an exponential
multiplier 38. The exponential multiplier 38 has its input
C fed from a local oscillator 32 and its input S fed from
a 90° phase shifter 33 which is connected to the local
oscillator 32. The output of the EM 38 is a pair of base-
band quadrature components which enter a pair of shift
registers 72, 73, output |4 being fed to shift register 72
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and output Qg being fed to shift register 73. In this mode
of operation the shift registers provide the delays re-
quired to implement the comb filtering of the two signals,
as described previously with reference to Figure 4. A pair
of summers 62 and 63 add the outputs of shift registers
72 and 73, respectively. The two comb filtered signals
are then split into two paths each, the first path from the
In-phase signal is fed to delay 40 and the first path from
the Quadrature signal is fed to delay 41. Delays 40 and
41 have a duration equal to the length of one data bit.
The delayed output of the comb filter in the In-phase
channel is fed to the S terminal of exponential multiplier
46 and the undelayed output of the comb filter is fed to
terminal |4. Likewise the delayed output of the comb filter
in the Quadrature channel is fed to terminal C of the ex-
ponential multiplier 46 and the undelayed output is fed
toterminal Q. Outputs |5 and Q of the exponential mul-
tiplier 46 are filtered by low-pass filters 44 and 45, re-
spectively, before being fed to a controller 50. The con-
troller 50 determines the frequency of local oscillator 32
in order that the frequency band over which satellite sig-
nals may occur is searched in sufficiently small frequen-
cy steps, for example every 50Hz. The controller can
then store ephemeris data from all visible satellites as
well as the current Doppler frequency offset of each sat-
ellite's signals, as perceived by the receiver.

The receiver described in the preceding paragraph
cannot determine the range of any of the satellites and
s0, as it stands, cannot make a measurement of the re-
ceiver's position. An extension of the receiver to facilitate
this will now be described with reference to Figure 7
which shows the additional circuitry required to make sig-
naltransit time measurements. Those parts of the receiv-
er common to both Figures 6 and 7 have been identified
using the same reference numerals.

The inputs |; and Q, of exponential multiplier 38 are
no longer fed by analogue to digital converters 29 and
30 but are now fed from the outputs of shift registers 72
and 73, respectively. The outputs |5 and Q of the expo-
nential multiplier 38 are fed to the inputs of shift registers
72 and 73 as before. Inputs C and S of EM 38 are fed by
local oscillator 32 and 90° phase shifter 33 connected to
local oscillator 32 respectively, as before. In addition to
being fed to the |; and Q inputs of EM 38, the outputs
of shift registers 72 and 73 are each fed to one input of
a pair of multipliers 74 and 75, respectively. Low pass
filters 44 and 45 are no longer fed from EM 46, they are
now fed from the outputs of multipliers 74 and 75, re-
spectively. The outputs of the low pass filters 44 and 45
are connected to the controller 50 as before. The con-
troller 50 also governs the generation of the C/A code for
the satellite under scrutiny, two separate C/A code gen-
erators 76 and 77 are shown here for clarity, although in
practice only one is required. The outputs of the C/A code
generators are fed to the remaining inputs of the multi-
pliers 74 and 75, respectively.

The operation of the receiver after it has stored a
section of satellite data in shift registers 72 and 73 will
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now be described for convenience by reference to the
In-phase | channel only. The Quadrature Q channel op-
erates in an entirely analogous manner. From the oper-
ation of the receiver shown in Figure 6 there will be 20
ms of satellite data held in shift register 72. This data
includes signals from all visible satellites but the data still
has a Doppler frequency offset and is still encrypted by
the C/A code. To determine the pseudorange of the user
from each satellite, the data held in shift register 72 is
circulated through exponential multiplier 38 and back
into the shift register to remove the Doppler frequency
offset from the signals of the satellite of interest. Once
this is achieved the data continues to circulate, although
no frequency conversion is being carried out. The base-
band signals circulating via the shift register and expo-
nential multiplier are fed to multiplier 74 whose second
input is fed from C/A code generator 76. The controller
50 monitors the output of low pass filter 44 whose input
is fed by the output of multiplier 74. The controller con-
stantly adjusts the phase of the code generated by C/A
code generator 76 and when a peak is detected at the
output of the mixer 74 the point of correlation has been
found. From the point of correlation, the controller can
calculate the sub-millisecond part of the receiver's pseu-
dorange from that satellite. This process is repeated for
each satellite and when an adequate number of pseu-
doranges are known the user's position can be calculat-
ed.

This receiver has appreciable advantages over a
conventional design, namely that it can acquire satellite
signals much more quickly, it records all the satellite sig-
nals at the same instant allowing relaxation of the stabil-
ity required of the first local oscillator(s) and the offline
signal processing should permit a less powerful proces-
sor to control the receiver. As a result the receiver can
make accurate positional fixes after a much shorter pe-
riod of satellite visibility than a conventional design.

Claims

1. Aradio receiver for use with direct sequence spread
spectrum signals which have been spread in fre-
quency by a pseudo random noise (PBN) sequence
having a repetition frequency, comprising frequency
down conversion means (22 to 25), means (36, 37
or 72, 73) for improving the signal to noise ratio of
the frequency down-converted signals and means
(4010 43) for demodulating the frequency down-con-
verted signals, characterised in that the frequency
down-conversion means (22 to 25) comprises
means for producing a pair of quadrature related sig-
nals (I, Q) from a received direct sequence spread
spectrum signal, in that means (29 to 31) are pro-
vided for digitising said pair of quadrature related
signals, in that means (32, 34, 35 or 38) are provided
for removing any residual carrier from the digitised
quadrature related signals, in that said means for
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improving the signal to noise ratio comprises comb
filtering means (36, 37 or 72, 73) for respectively fil-
tering the digitised quadrature related signals at n
times the repetition frequency of the PRN sequence,
where n is an integer, and in that said demodulating
means comprises means (40 to 43) for non-coher-
ently demodulating and despreading the comb-fil-
tered signals.

A radio receiver for use with the NAVSTAR global
positioning system (GPS), said system comprising
means for producing a plurality of satellite transmis-
sions, each satellite transmission including a
coarse/acquisition (C/A) code having a repetition
frequency, wherein the receiver comprises fre-
quency down conversion means (22 to 25), means
(36, 37 or 72, 73) for improving the signal to noise
ratio of the frequency down-converted signals and
means (40 to 43) for demodulating the frequency
down-converted signals, characterised in that the
frequency down-conversion means (22 to 25) com-
prises means for producing a pair of quadrature
related signals (I, Q) in respective channels from a
received satellite transmission, in that means (29 to
31) are provided for digitising said pair of quadrature
related signals, in that means (32, 34, 35 or 38) are
provided for removing any residual carrier from the
digitised quadrature related signals, in that said
means for improving the signal to noise ratio com-
prises comb filtering means (36, 37 or 72, 73) for
respectively filtering the digitised quadrature related
signals at n times the repetition frequency of the
(C/A) code to produce comb filtered signals, where
n is an integer, and in that said demodulating means
comprises means (40 to 43) for non-coherently
demodulating and despreading the comb-filtered
signals.

A radio receiver as claimed in Claim 1 or 2, charac-
terised in that said means for removing any residual
carrier comprises an exponential multiplier (38).

A radio receiver as claimed in any one of Claims 1
to 3, characterised in that the means for non-coher-
ently demodulating the data and despreading the
PRN sequence or C/A code in each channel
includes a means (40, 41) of producing a replica of
the signal in each channel delayed by the duration
of one data bit and a means (42, 43) of mixing the
delayed and undelayed signals present in each
channel.

Aradioreceiver as claimed in Claim 4, characterised
in that the means of mixing the delayed and unde-
layed signals in both channels is an exponential mul-
tiplier (46).

A radio receiver as claimed in any one of Claims 1
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to 5, characterised in that the comb filtering means
includes a plurality of delay stages (61) and a means
(62) for summing the outputs of these delay stages.

Aradio receiver as claimed in claim 2, characterised
by means (72, 73) for storing incoming signals from
satellites at respective ranges; means (38) for can-
celling various Doppler offset frequencies present,
a pair of mixers (74, 75), each mixer being associ-
ated with a respective channel; means for applying
the stored signals separately at a given rate to
respective first inputs of said pair of mixers (74, 75);
means (76, 77) for applying a replica of a
coarse/acquisition (C/A) code to second inputs of
said mixers; control means (50) for setting a partic-
ular Doppler frequency offset; and means (50) for
measuring the sub-millisecond part of a pseudor-
ange of a satellite from which an incoming signal has
been received.

Patentanspriiche

1.

Ein Funkempfanger zur Verwendung mit Direkise-
quenz-Streuspektrumssignalen, deren Frequenz
durch eine Pseudo-Zufalls-Rauschirequenz (PRN)
gestreut wurde und Vorrichtungen (22 bis 25) zur
Frequenzabwartswandlung, Vorrichtungen (38, 37
oder 72, 73) zur Verbesserung des Signal-Rausch-
Verhaltnisses der frequenzabwartsgewandelten
Signale und Vorrichtungen (40 bis 43) zur Demodu-
lierung abwarlsgewandelter Signale enthalt, mit
dem Merkmal, daB in den Vorrichtungen (22 bis 25)
zur Frequenzabwartswandlungen Vorrichtungen
zur Erzeugung eines Paars quadraturbezogener
Signale (1,Q) von einem erhaltenen Direkise-
quenz-Streuspektrumssignal, Vorrichtungen (29 bis
31) zur Digitalisierung des besagten Paars quadra-
turbezogener Signale und Vorrichtungen (32, 34, 35
oder 38) zur Entfernung jeglicher restlicher Trager
von dem digitalisierten quadraturbezogenen Signal
vorgesehen sind, daB die besagten Vorrichtungen
zur Verbesserungen des Signal-Rausch-Verhaltnis-
ses Uber Kammfiltervorrichtungen (386, 37 oder 72,
73) fur die jeweilige Filterung der digitalisierten qua-
draturbezogenen Signale mit n mal der Wiederho-
lungsfrequenz der PRN-Sequenz verfiigen, wobein
eine Ganzzahl ist, und, daf3 die besagten Demodu-
lationsvorrichtungen Vorrichtungen (40 bis 43) fir
die nicht-koharente Demodulierung und Entstreu-
ung der Kammfiltersignale aufweisen.

Ein Funkempfanger zur Verwendung mit dem NAV-
STAR-Global-Positionsbestimmungssystem

(GPS), wobei besagtes System iber Vorrichtungen
fir die Erzeugung einer Vielzahl an Satelliteniiber-
tragungen verfigt und jede Satellitenibertragung
einen Grobe-Erfassungscode (C/A) mit einer Wie-



15 EP 0 438 199 B1 16

derholungsfrequenz enthalt, der Empfanger ber
Vorrichtungen (22 bis 25) zur Frequenzabwarts-
wandlung, Vorrichtungen (36, 37 oder 72, 73) zur
Verbesserungdes Signal-Rausch-Verhalinisses der
frequenzabwarisgewandelten Signale und Vorrich-
tungen (40 bis 43) zur Demodulierung abwartsge-
wandelter Signale enthalt, mit dem Merkmal, daB in
den Vorrichtungen (22 bis 25) zur Frequenzabwarts-
wandlungen Vorrichtungen zur Erzeugung eines
Paars quadraturbezogener Signale (1.Q) in jeweili-
gen Kanalen einer empfangenen Satellitenibertra-
gung, Vorrichtungen (29 bis 31) zur Digitalisierung
des besagten Paars quadraturbezogener Signale
und Vorrichtungen (32, 34, 35 oder 38) zur Entfer-
nung jeglicher restlicher Trager von dem digitalisier-
ten quadraturbezogenen Signal vorgesehen sind,
dafB die besagten Vorrichtungen zur Verbesserun-
gen des Signal-Rausch-Verhalinisses tber Kamm-
filtervorrichtungen (36, 37 oder 72, 73) fir die jewei-
lige Filterung der digitalisierten quadraturbezoge-
nen Signale mit n mal der Wiederholungsfrequenz
des Grobe-Erfassungscodes (C/A) zur Erzeugung
des Kammfiltersignals verfliigen, wobein eine Ganz-
zahl ist, und, daf3 die besagten Demodulationsvor-
richtungen Vorrichtungen (40 bis 43) fir die
nicht-koharente Demodulierung und Entstreuung
der Kammfiltersignale aufweisen.

Ein Funkempfanger laut Anspruch 1 oder 2, mitdem
Merkmal, daB Vorrichtungen zur Entfernung jegli-
cherrestlicher Trager mit einem exponentiellen Mul-
tiplizierer (38) vorgesehen sind.

Ein Funkempfanger laut Anspruch 1 oder 3, mit dem
Merkmal, daB in den Vorrichtungen fir die
nicht-koharente Demodulierung der Daten und Ent-
streuung der PRN-Sequenz oder des Grobe-Erfas-
sungscodes in jedem Kanal Vorrichtungen (40, 41)
zur Erzeugung einer Kopie des Signals in Uber die
Dauer eines Datenbits verzégerten Signals und Vor-
richtungen (42, 43) zur Mischung der verzégerten
und unverzdgerten, in jedem Kanal vorhandenen
Signale vorgesehen sind.

Ein Funkempfanger laut Anspruch 4, mit dem Merk-
mal, daf3 die Vorrichtung zur Mischung der verzo-
gerten und unverzdgerten Signale in beiden Kana-
len einen exponentieller Multiplizierer (46) aufweist.

Ein Funkempfanger laut Anspruch 1 bis 5, mit dem
Merkmal, dafi in der Kammfiltervorrichtung Vorrich-
tungen fur eine Vielzahl an Verzégerungsstufen (61)
und eine Vorrichtung (62) zur Summierung der
Signalausgange dieser beiden Verzégerungsstufen
vorgesehen sind.

Ein Funkempfanger laut Anspruch 2, mit dem Merk-
mal, daf Vorrichtungen (72, 73) zur Speicherung
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eingehender Signale von Satelliten in jeweiligen
Bereichen und Vorrichtungen (38) zur Annullierung
diverser vorhandener Dopplerversetzungen vorge-
sehen sind, ein Mischerpaar (74, 75) vorgeseheniist,
wobei jeder Mischer mit einem jeweiligen Kanal ver-
bunden ist, Vorrichtungen far die gesonderte Zufiih-
rung der gespeicherten Signale mit bestimmten Fre-
quenzen an die ersten Eingdnge des besagten
Mischers (74, 75), Vorrichtungen (76, 77) fur die
Zufihrung einer Kopie eines Grobe-Erfassungsco-
des (C/A) zum zweiten Eingang des besagten
Mischers, eine Steuervorrichtung (50) fur die Vor-
gabe einer bestimmten Dopplerfrequenzversetzung
und eine Vorrichtung (50) fur die Messung des unter
einer Millisekunde liegenden Teils eines Satelli-
ten-Pseudobereichs vorgesehen sind, von dem ein
Eingangssignal empfangen wurde.

Revendications

Récepteur radio susceptible d'étre utilisé avec des
signaux a étalement du spectre en ségquence directe
qui ont été étalés en fréquence par une séguence
de bruit pseudo-aléatoire (PRN) ayant une fré-
quence de répétition, comprenant des moyens de
conversion en fréquence vers le bas (22 & 25), des
moyens (36, 37 ou 72, 73) pour améliorer le rapport
signal/bruit des signaux convertis en fréquence vers
le bas et des moyens (40 a 43) pour démoduler les
signaux convertis en fréquence vers le bas, carac-
térisé en ce gue les moyens de conversion en fré-
quence vers le bas (22 a 25) comprennent des
moyens pour produire une paire de signaux en qua-
drature (I, Q) a partir d'un signal a étalement de
spectre en séquence directe regu, en ce que des
moyens (29 a 31) sont prévus pour numériser ladite
paire de signaux en quadrature, en ce que des
moyens (32, 34, 35 ou 38) sont prévus pour éliminer
toute porteuse résiduelle des signaux numérisés en
quadrature, en ce que lesdits moyens pour amélio-
rer le rapport signal/bruit comprennent des moyens
de filirage en peigne (36, 37 ou 72, 73) pour filtrer
respectivement les signaux numérisés en quadra-
ture a n fois la fréquence de répétition de la
séqguence PRN, ol n est un nombre entier, et en ce
que lesdits moyens de démodulation comprennent
des moyens (40 a 43) pour démoduler de maniére
non cohérente et désétaler les signaux filtrés dans
un filtre en peigne.

Récepteur radio susceptible d'étre utilisé avec le
systéme de positionnement mondial NAVSTAR
(GPS), ledit systéme comprenant des moyens pour
produire une pluralité de transmissions de satellites,
chaque transmission de satellite comprenant un
code d'approximation/acquisition (C/A) ayant une
fréquence de répétition, dans lequel le récepteur
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comprend des moyens de conversion en fréquence
vers le bas (22 a 25), des moyens (36, 37 ou 72, 73)
pour améliorer le rapport signal/bruit des signaux
convertis en fréquence vers le bas et des moyens
(40 a 43) pour démoduler les signaux convertis en
fréquence vers le bas, caractérisé en ce que les
moyens de conversion en fréquence vers le bas (22
a 25) comprennent des moyens pour produire une
paire de signaux en quadrature (I, Q) dans des
canaux respectifs a partir d'une transmission de
satellite regue, en ce que des moyens (29 a 31) sont
prévus pour numériser ladite paire de signaux en
quadrature, en ce que des moyens (32, 34, 35 ou
38) sont prévus pour éliminer toute porteuse rési-
duelle des signaux numérisés en quadrature, en ce
que lesdits moyens pour améliorer le rapport
signal/bruit comprennent des moyens de filtrage en
peigne (36, 37 ou 72, 73) pour filtrer respectivement
les signaux en quadrature numérisés a n fois la fré-
quence de répétition du code (C/A) pour produire
des signaux filtrés en peigne, ol n est un nombre
entier, et en ce que lesdits moyens de démodulation
comprennent des moyens (40 a 43) pour démoduler
de maniéere non cohérente et désétaler les signaux
filtrés dans un filtre en peigne.

Récepteur radio selon la revendication 1 ou 2,
caractérisé en ce que lesdits moyens pour éliminer
toute porteuse résiduelle comprennent un multipli-
cateur exponentiel (38).

Récepteur radio selon I'une quelcongue des reven-
dications 1 a 3, caractérisé en ce que les moyens
pour démoduler de maniére non cohérente les don-
nées et désétaler la séquence PRN ou le code C/A
dans chaque canal comprennent un moyen (40, 41)
pour produire une réplique du signal dans chaque
canal retardée de la durée d'un bit de données et un
moyen (42, 43) pour mélanger les signaux retardés
et non retardés présents dans chaque canal.

Récepteur radio selon la revendication 4, caracté-
risé en ce que le moyen de mélange des signaux
retardés et non retardés dans les deux canaux est
un multiplicateur exponentiel (46).

Récepteur radio selon I'une quelconque des reven-
dications 1 a 5, caractérisé en ce que les moyens
de filtrage en peigne comprennent une pluralité
d'étages a retard (61) et un moyen (62) pour som-
mer les sorties de ces étages a retard.

Récepteur radio selon la revendication 2, caracté-
risé par des moyens (72, 73) pour stocker des
signaux entrants provenant de satellites & des dis-
tances respectives; des moyens (38) pour annuler
diverses fréquences de décalage Doppler présen-
tes; une paire de mélangeurs (74, 75), chague
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mélangeur étant associé a un canal respectif; des
moyens pour appliquer les signaux stockés séparé-
ment a une allure donnée aux premiéres entrées
respectives de ladite paire de mélangeurs (74, 75);
des moyens (76, 77) pour appliquer une réplique
d'un code dapproximation/acquisition (C/A) aux
deuxiémes entrées desdits mélangeurs; des
moyens de commande (50) pour régler un décalage
de fréquence Doppler particulier; et des moyens
(50) pour mesurer la partie en sous-millisecondes
d'une pseudo-distance d'un satellite & partir duguel
un signal entrant a été regu.
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